
施舒哲  清华⼤学

Learning the heavy-quark potential in the QCD matter

SS, 周凯, 赵佳星, Mukherjee, Zhuang, PhysRevD.105.014017



1. Schrödinger Equation

Ĥ ψn = − ∇2

2m
ψn + V(r) ψn = En ψn

V(r)

{ψn(r)}

{En}
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Ĥ ψn = − ∇2

2m
ψn + V(r) ψn = En ψn

 known ⟹ : 

numerical methods established.
V(r) {En, ψn(r)}

 known ⟹ :     ???{En} V(r)

V(r)

{ψn(r)}

{En}

information of interest
observations
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V(r) = − α
r

+ σ r
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Lattice QCD: Phys.Rev.D100,074506(2019),Phys.Lett.B800,135119(2020),Phys.Rev.D102,114508(2020) 
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can not be understood by existing modeling of potential!



How to learn  from ?V(r) {En}

• parameterize the potential , scan the whole -space, 

minimize  

V(r |θ) θ
χ2 ≡ ∑

i
(Eθ,i − Ei

δEi
)2
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• parameterize the potential , scan the whole -space, 

minimize  

• a gradient-descent based method: 
• goal -- find the -point that  
• update  iteratively according to 

V(r |θ) θ
χ2 ≡ ∑
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(Eθ,i − Ei

δEi
)2
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θ Δθ ∝ ∇θ χ2
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V (r) ≈ VDNN(r |parameters)

… … …… Vr
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Ĥ ψn = − ∇2

2m
ψn + V(r) ψn = En ψn
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δEn = ⟨ψn |δV(r) |ψn⟩
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Ĥ ψn = − ∇2

2m
ψn + V(r) ψn = En ψn

How to learn  from  using DNN?V(r) {En}

δEn = ⟨ψn |δV(r) |ψn⟩

P(Vθ)dV = Posterior(θ |data)dNθuncertainty:
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Finite Temperature Heavy-Quark Potential 07
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What physics we have learned from ?VDNN (T, r)

less screening more singlet  octet→
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• Extracted HF complex  from LQCD results of bottomonium  and .


• New algorithm applicable in solving other inverse problems:

•  Neutron Star Mass-Radius relation <=> QCD EoS

•  Spectral function <=> imaginary time correlation

V(T, r) m Γ

Summary


